Fluorescence saturation laser intensity
shows the dependence of the fluorescence intensity on the laser excitation intensity for single NV centers in 25-nm-sized nanodiamonds in water. The laser intensity used for the present spin measurements is indicated by the vertical dashed line at 0.25 mW. The solid line is the theoretical fit to the data based on the fluorescence saturation of two-level quantum systems.
1,2 The saturation intensity is 0.34 mW. 2 Zeta potential and its relationship to T 2
The pH is significantly related to the surface potential and, thus, would affect the electronic environment of the NV spins in nanodiamonds. The zeta potentials of the present sample
give some information on the fluctuations. However, it is clear that it is difficult to measure the zeta potential of the nanodiamonds in the present experimental conditions because of the high ionic strength of the buffer solution. The present experiments use typical buffer solutions used in biochemical experiments (citric-acid-Na 2 HPO 4 or Na 2 CO 3 -HCl) that stabilize the pH. In general, buffer solutions use weak acids and bases to stabilize the pH, and such weak acids/bases often have high ionic strengths. As seen in most colloidal solutions, 3-6 a high ionic strength gives rise to aggregation/agglomeration and sedimentation of nanodiamonds.
Therefore, we had to reduce the ionic strength by diluting the buffer solutions by 20-and 4-times for citric acid-Na 2 HPO 4 and Na 2 CO 3 -HCl, respectively. Figure S2 shows the dependence of the zeta potential of the nanodiamonds on pH in the diluted buffer solutions.
As the pH increases (more basic), the zeta potential becomes more negative. This trend has been seen in oxidized nanodiamonds previously. 7 On the basis of the zeta-potential data, we believe that the present nanodiamond samples basically have oxidized surfaces and that their optical and spin properties measured here reflect pH changes in the biochemical experiments realistically.
Note that the use of monoacids and monobases (such as HCl and NaOH) is a possible choice to enable both the zeta-potential measurements and the NV spin measurement under the same conditions. 7 However, it is challenging to maintain the pH of strong acids/bases in the tiny chamber during the long period of the spin measurement, i.e., more than several hours. The difference of the ionic strength can also affect the NV spin properties. Rather using the mono-acids/bases, in this study, we stick to use the buffer solutions generally used in biochemical experiments. The present characterization of the NV spin properties could be used as a reference standard for future studies conducted in more biochemically (also biologically) realistic situations. 
